Abstract. The purpose of this paper is description of properties of QA-ideals and fuzzy QA-ideals in weak BCC-algebras.
Introduction
In 1966, Y. Imai and K. Iseki [6] defined a class of algebras of type (2,0) called BCK-algebras which generalizes the notion of algebra of sets with the set subtraction as the only fundamental nonnullary operation, on the other hand the notion of implication algebra [7] . In connection with some problems on BCK-algebras, Y. Komori introduced in [9] the notion of BCC-algebras as a generalization of BCK-algebras. W. A. Dudek (cf. [l]- [3] ) redefined this notion by using a dual form of the ordinary definition. In [5] W. A. Dudek and X. H. Zhang considered ideals of BCC-algebras of different types and described connections between such ideals and congruences.
In this paper we introduce the notion of QA-ideals in weak BCC-algebras and describe the connection with other ideals. Next we present a method of fuzzification such ideals. We show that every fuzzy QA-ideal is a fuzzy BCK-ideal and show that the converse is not true by providing an example. We give also some methods of constructions of fuzzy QA-ideals.
Preliminaries
A nonempty subset X with a constant 0 and a binary operation denoted by juxtaposition is called a weak BCC-algebra if for all x,y,z G X the following axioms hold: The notion of a weak BCC-algebra is a generalization of the notion of a BCC-algebra and a BCI-algebra.
A weak BCC-algebra which is not a BCI-algebra is called proper. Such weak BCC-algebra has at least four elements (cf. [2] ). Moreover (cf. [2] ), a weak BCC-algebra is a BCI-algebra iff it satisfies (6) 
On any weak BCC-algebra one can define a natural partial order ^ putting x ^ y iff xy = 0. The relation ^ satisfies the following conditions (cf. [2] ) (8) xy • zy ^ xz, (9) x ^ y implies xz < yz and zy ^ zx.
In a BCC-algebra for all x,y,z £ X holds also (cf. [1] )
Note that in a weak BCC-algebra this condition is not satisfied. EXAMPLE 2.1. Let X = {0,1,2,3} and let the multiplication be defined by the following Cayley table   •   0 12 3   *   0 12 3  0 003 2  0 0 02 2  1 1032  1 10 2 2  2 2 2 0 3  2 2 2 0 0  3 33 2 0  3 3 3 10   Table 1  Table 2 The algebra defined by Table 1 is a weak BCC-algebra (cf. [2] ) in which (10) is not satisfied because 00 • 2 = 3 and 0 • 02 = 2 are incomparable. The algebra defined by Table 2 also is a weak BCC-algebra (cf. [2] ), but in this algebra (10) is satisfied.
• A nonempty subset S of a weak BCC-algebra X is called a subalgebra of X if it closed under the weak BCC-operation. Such subalgebra is obviously a weak BCC-algebra, but there are subalgebras which are BCC-algebras (BCK-algebras also).
A nonempty subset I of a weak BCC-algebra X such that
is called a BCC-ideal of X (cf. [5] ). If 0 G I and (ii) is satisfied only for z = 0, then I is called a BCK-ideal. This means that a BCC-ideal is a BCK-ideal, but not conversely. Note that the above ideals are ideals in the sense of ordered structures because x ^ y and y G / imply x G I.
QA-ideals
In this section we describe the new type of ideals introduced in [11] for BCI-algebras. Proof. Indeed, in this case
which proves that /¿(x) = fi(0) for all x € X.
• PROPOSITION 4.3. A fuzzy set /X of a weak BCC-algebra X is a fuzzy subalgebra iff for every t E [0,1], /¿t is either empty or a subalgebra of X.
Proof. The proof is analogous to the proof of Theorem 3.4 from [4] .
• A fuzzy set /x of a weak BCC-algebra X is called a fuzzy BCK-ideal if
If a fuzzy set /x for all x,y,z E X satisfies (12) and
Putting z = 0we see that a fuzzy BCC-ideal is a BCK-ideal, but, as it is proved in [4] , in BCC-algebras there axe fuzzy BCK-ideals which are not fuzzy BCC-ideals. Proof. Let I be a QA-ideal of a given weak BCC-algebra X and let fi be a fuzzy set in X defined by Proof. Since Qo is a QA-ideal, then 0 G Qo and fi(Qo \ Q-1) = to, which gives to = //(0) ^ n(x) for all x € X.
To prove that n satisfies the second condition from the definition of a QA-ideal, we consider the following four cases:
In the first case we have xz G Qk, because Qk is a QA-ideal. Thus
fi(xz) ^ tk = n{x • yz) = n{y) = min{/i(x • yz), fi(y)}.
In The following examples proves that there exist BCC-algebras satisfying the assumption of the above proposition. This proves that n is a fuzzy QA-ideal. Obviously /x has an infinite number of different values. The obtained contradiction completes our proof.
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